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GRFXPHQWDWLRQ 'HYHORSLQJ WKH VFRSH RI SURWHFWLRQ PDNHV LW QHFHVVDU\ WR GR YHUVDWLOH GHWHUPLQDWLRQV DW FRUUHFW
GRFXPHQWDWLRQ LGHQWLILFDWLRQ DQG XQGHUVWDQGLQJ RI WKH FXOWXUDO DVVHWV (QFRXQWHUHG GLIILFXOWLHV LQ WUDGLWLRQDO
GRFXPHQWDWLRQVXUYH\VWXGLHVZKLFKKDYHEHHQLPSOHPHQWHGXQWLO WKHODVW\HDUVUHYHDOHGWKHQHHGWRGHYHORSD
QHZPHWKRGVDQG WRROVGHSHQGLQJRQ WHFKQRORJLFDOGHYHORSPHQWVDWGHWHUPLQDWLRQDQGGRFXPHQWDWLRQRIFXOWXUDO
DVVHWV+RZHYHU VHQVLWLYHZRUNRQ D WUDGLWLRQDO VXUYH\ VRPHGHWDLOV DQGSRLQWVZKLFK DUH QHFHVVDU\ FDQQRWEH
PHDVXUHG IRU VRPH UHDVRQV 6XFK DV VL]H RI WKH REMHFW GLIIHUHQW JHRPHWULFDO VWUXFWXUH RI VXUIDFH DQG UHVWULFWHG
DFFHVV WR WKH REMHFW 'LIILFXOWLHV LQ WUDGLWLRQDO DUFKLWHFWXUDO VXUYH\ ZRUN DIIHFW WKH DFFXUDF\ RI WKH QHFHVVDU\
DUFKLWHFWXUDO FRQVHUYDWLRQ DQG GRFXPHQWDWLRQ ,Q UHFHQW \HDUV ZLWK WKH GHYHORSPHQWV LQ VRIWZDUH DQG FRPSXWHU
WHFKQRORJ\ LW LV SRVVLEOH WR GRFXPHQW E\'PRGHOOLQJ LQ D GLJLWDO HQYLURQPHQWDOO\ WKH GLIILFXOW REMHFWV ,Q WKLV
FRQWH[W FORVH UDQJHSKRWRJUDPPHWU\ WHFKQLTXHKDVEHHQXVHGDVRQHRI WKHPRVWHIIHFWLYHDQGHIILFLHQWPHWKRGV
ZLWKWKHGHYHORSPHQWRIGLJLWDO WHFKQRORJ\WRZDUGVFRQVHUYDWLRQDQGGRFXPHQWDWLRQZRUNLQJRIFXOWXUDOKHULWDJH
7KLVWHFKQLTXHLVEDVHGRQFUHDWLQJ'PRGHOYLD'DQDORJGLJLWDOLPDJHSDLUVDQGJHRGHWLFFRRUGLQDWHVPHDVXUHG
LQWKHJURXQG7KHILHOGZRUNVZKLFKWDNHTXLWHVRPHWLPHDQGHIIRUWKDVEHFRPHHDVLHUZLWKWKHXVHRIFORVHUDQJH
SKRWRJUDPPHWU\ LQ DUFKLWHFWXUDO VXUYH\ VWXGLHV 7KH SKRWRJUDPPHWULF PHWKRG DOORZV PDNLQJ PRUH UDSLG DQG
SUDFWLFDOSURJUHVVZLWKRXWFRPSURPLVLQJVHQVLWLYLW\RIWKHVXUYH\SURFHVVWKDWLVUHTXLUHGDPHWLFXORXVVWXG\ZLWK
WKH DLP WR FRQVHUYDWLRQ DQG GRFXPHQWDWLRQ ,Q RXU FRXQWU\ DV LQ WKH ZKROH ZRUOG SKRWRJUDPPHWULF VXUYH\
WHFKQLTXHVDUHXVHGLQVWHDGRIWUDGLWLRQDODUFKLWHFWXUDOVXUYH\WHFKQLTXHV 0XTDUQDVLVRQHRI WKHPRVW LPSRUWDQW
GHWDLOHG HOHPHQWV WKDW ,VODPLF DUW FRQWULEXWHG WR DUFKLWHFWXUH 7KH PXTDUQDV KDYLQJ ERWK RUQDPHQW DQG FDUULHU
SURSHUW\ DUH HVSHFLDOO\ XVHG DV WKH FURZQ GRRU PLQDUHW EDOFRQ\ PLKUDE QLFH DQG FROXPQ 7KH\ DUH WKUHH
GLPHQVLRQDODQGDUDWKHUFRPSOH[VWUXFWXUHHOHPHQWVDQGLWLVDOVRGLIILFXOWWRUHDFKWKHPGXHWRWKHLUKLJKYDQWDJH
SRLQWV 0XTDUQDV VXUYH\ ZRUNLQJ UHTXLUHV ORQJ SUHFLVLRQ D GDQJHURXV DQG KDUG SURFHVV $W WKLV SRLQW
SKRWRJUDPPHWU\ VWXGLHVJRRQ DQG LVPDNLQJ WKH VXUYH\SURFHVV  VKRUW VDIH DQG IDXOWOHVV ,Q WKH FRQWHQW RI WKLV
VWXG\ WKH VXUYH\ RI WKHPXTDUQDV DQG FURZQ GRRUZKLFK DUH WR EH D W\SH RI RUQDPHQWDWLRQ VSHFLILF WR ,VODPLF
$UFKLWHFWXUH ORFDWHG LQ.RQ\DFLW\FHQWHUEHORQJV WR WKH$QDWROLDQ6HOMXNSHULRGZHUHREWDLQHGXVLQJFORVHUDQJH
SKRWRJUDPPHWU\ WHFKQLTXH 7KH FURZQ GRRU DQG PXTDUQDV RI $ODGGLQ 0RVTXH 7Dú 0RVTXH DQG .DUDWD\
0HGUHVVHKZHUHVHOHFWHGDVWKHILHOGVWXG\

&DVHVWXGLHV
.RQ\D LV RQH RI WKH ROGHVW VHWWOHPHQWV LQ WKH PLGGOH UHJLRQ RI $QDWROLD ,W KDV EHHQ ZLWQHVVHG DQG KRVWHG WKH
IRUPDWLRQ RIPDQ\ FLYLOL]DWLRQV IURP SUHDQGSRVW KLVWRU\ ,W KDV EHHQ WKH FDSLWDO RI WKH$QDWROLDQ 6HOMXN 6WDWH
EHWZHHQWKH\HDUVRI7KHPRVWLPSRUWDQWEXLOGLQJVRIWKHSHULRGKDYHEHHQFRQVWUXFWHGLQ.RQ\DGXHWR
WKH DGYDQWDJHV RI EHLQJ LQ WKH FDSLWDO 7KH PHGUHVVHK DQG PRVTXHV DUH DPRQJ WKH PRVW LPSRUWDQW KLVWRULFDO
PRQXPHQWV7KHVWRQHZRUNRIWKHVHDUWHIDFWVZKLFKLVDGRUQLQJRIIDFDGHVDQGFURZQGRRULVUHPDUNDEOH,QWKLV
VWXG\WKHPXTDUQDVVWUXFWXUHHOHPHQWVVLWXDWHGLQGRRURI$ODDGGLQ0RVTXH7Dú0RVTXHDQG.DUDWD\0HGUHVVHK
ORFDWHGLQ.RQ\DFLW\FHQWHUZHUHHYDOXDWHGZLWKGLJLWDOSKRWRJUDPPHWULFWHFKQLTXH)LJXUH


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
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F
)LJXUHD.DUDWD\0HGUHVVHKE$ODDGGLQ0RVTXHF7Dú0RVTXH
2.1 Konya Alaaddin Mosque 
7KH$ODDGGLQ0RVTXHZKLFKEHORQJVWRWKH$QDWROLDQ6HOMXN3HULRGLVWKHODUJHVWDQGROGHVWPRVTXH,WLVRQWKHWRS
RIWKHVRFDOOHG$ODDGGLQ+LOO,WKDVDODUJHDWULXPLQWKHQRUWKVLGH7KHUHKDYHEHHQPDQ\UHSDLUVDQGDGGLWLRQV
+RZHYHU UHFHQWO\ WKHUHZHUH VSOLWVRQ WKHZDOOVDQGEUHDNVRQ WKHSLOODUV VR WKH URRIZDVVXVSHQGHGDQG LWZDV
FORVHG IRU SUD\HU VR WKDW WKH JURXQG FRXOG EH UHLQIRUFHG DQG UHSDLUHG LQ D JRRGZD\ 7KHPRVTXH LV DFFHVVLEOH
WKURXJKWKHPDLQJDWHSRUWDOZKLFKKDVPDUEOHJHRPHWULFDOVXUYLYHG

2.2  Konya Karatay Medresseh and Crown Door 
 
.DUDWD\0HGUHVVHK LV WKHPRVW LPSRUWDQW VDPSOH RI FXOWXUDO KHULWDJH  OHIW E\ RXU DQFHVWU\ 7KH0HGUHVVHKZDV
FRQVWUXFWHGE\(PLU&HODOHGGLQGXULQJ6XOWDQ,]]HGLQ.H\NDYXV,,SHULRGLQ,WVDUFKLWHFWLVQRWNQRZQ7KH
0HGUHVVHKZKLFKZDVXVHGGXULQJWKH2WWRPDQSHULRGDVZHOOZDVDEDQGRQHGDWWKHHQGRIWKHWKFHQWXU\7KH
0HGUHVVHKZDVEXLOW DV LQ WKH&ORVHG0HGUHVVHK VW\OHZLWK6LOOH6WRQHV IRU WKHSXUSRVH WRGR+DGLVDQG ,VODPLF
FRPPHQWDU\FODVVHVGXULQJWKH6HOMXNSHULRG,WKDVRQO\RQHVWRUH\7KHHQWUDQFHLVSURYLGHGE\DGRRUPDGHRI
D]XUH DQG ZKLWH PDUEOHV IURP WKH HDVWHUQ VLGH 7KH GRRU LV WKH VDPSOH RI 6HOMXN SHULRG PDJQLILFHQW VWRQH
ZRUNPDQVKLS,WLVGHFRUDWHGZLWKWKHVFULSWXUHVDQGSDWWHUQV7KHLQVFULSWLRQVEHORQJLQJWRWKHFRQVWUXFWLRQRIWKH
0HGUHVVHKWDNHSODFHRYHUWKHGRRU2QWKHRWKHUVXUIDFHVRIWKHGRRULVWKHVHOHFWLRQRIWKHGRRULVWKHVHOHFWLRQRI
WKH.RUDQLFYHUVHVDQG+DGLVHQJUDYHGLQUHOLHI7KH.DUDWD\0HGUHVVHKZKLFKWDNHVSODFHDQLPSRUWDQWSODFHLQ
HQFDXVWLF WLOHZRUNPDQVKLSRI$QDWROLDQ6HOMXN
VZDVRSHQHGWR WKHYLVLWDV WKH(QFDXVWLF WLOHZRUNVPXVHXPVLQ
%DNLUFL,WVFURZQGRRUGRHVQRWSURWUXGLQJIRUZDUGWR7KHPDLQPDVVRIGRRUZKLFKLVEHLQJVWRQH
PDVRQU\PDUEOHPDWHULDOKDVEHHQXVHGDVFRDWLQJWKHRXWVLGH7KHPXTDUQDVHVORFDWHGRQWKHFURZQGRRUDUHILOOHG
ZLWK PRWLI DW VHYHQ URZV RYHUODS VKDSH 7KH ODVW OLQH LV HQGHG ZLWI ILYH URZ 7KH TXLWH SURSRUWLRQDO PDUEOH
ZRUNPDQVKLSRQWRSRIWKHFURZQGRRULVRXWVWDQGLQJ

2.3 Konya Taú Mosque 
 
,WZDVEXLOWE\+DFÕ)HUUXKGXULQJ6XOWDQ,]]HGLQ.H\NDYXV,,SHULRGLQ,WLVFDOOHG7Dú0RVTXHE\SHRSOH
GXHWRPDGHIURPFXWVWRQH,WVZDOOVDUHPDGHHQWLUHO\RIVWRQH7KHHQWUDQFHGRRULVGHFRUDWHGZLWKJHRPHWULFRQ
PDUEOH 7KH PLKUDE LV VXUURXQGHG E\ JHRPHWULF ERUGHUV 7KH PXTDUQDVHV ZKLF DUH ORFDWHG RQ FURZQ GRRU DUH
FRPSRVHGRIRYHUODSSLQJVKDSHVHYHQKRQH\FRPEURZVJUDGXDOO\QDUURZLQJULVLQJXSZDUGVDQGHQGVZLWKRQHURZ
RQKLOO

3KRWRJUDPPHWULFPRGHO
3KRWRJUDPPHWU\ LV D WHFKQLTXH IRU GHWHUPLQLQJ WKH WKUHHGLPHQVLRQDO JHRPHWU\ ORFDWLRQ VL]H DQG VKDSH RI
SK\VLFDO REMHFWV E\ PHDVXULQJ DQG DQDO\VLQJ WKHLU WZRGLPHQVLRQDO SKRWRJUDSKV -LDQJ  7KH FORVHUDQJH
SKRWRJUDPPHWULFPHWKRGLVXVHGIRUGHWHUPLQLQJWKHWKUHHGLPHQVLRQDOJHRPHWU\RIREMHFWV7KLVWHFKQLTXHDOORZV
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WRPHDVXUHREMHFWVIURPSKRWRJUDSKVZKLFKDUHFDSWXUHGKDUGFRS\RUGLJLWDOIRUP,IKDUGFRS\SKRWRJUDSKVDUH
REWDLQHG WKHVH SKRWRJUDSKV DUH WR EH VFDQQHG ZLWK KLJKUHVROXWLRQ VFDQQHU 1RZDGD\V KLJKUHVROXWLRQ GLJLWDO
FDPHUDV DUH XVHG LQVWHDG RI DQDORJ FDPHUDV EHFDXVH RI HDVHRIXVH %DVLF SULQFLSOH RI GLJLWDO FORVH UDQJH
SKRWRJUDPPHWULFPHWKRG LV REWDLQHG 'PRGHO IURP VWHUHRLPDJH SDLUV 6WHUHRLPDJLQJ JHRPHWU\ EDVHG RQ WKH
FHQWUDO SHUVSHFWLYH SURMHFWLRQ 7KH FHQWUDO SHUVSHFWLYH SURMHFWLRQ PRGHO LV GHVFULEHG PDWKHPDWLFDOO\ E\ WKH
FROOLQHDULW\ HTXDWLRQV 3KRWRJUDPPHWU\ SURYLGHV D UHODWLRQVKLS EHWZHHQ WKUHHGLPHQVLRQDO FRRUGLQDWHV LQ REMHFW
VSDFHDQGFRUUHVSRQGLQJWZRGLPHQVLRQDOFRRUGLQDWHV LQ LPDJHV7KHIXQGDPHQWDOSUREOHPLV WRGHWHUPLQHREMHFW
VSDFHFRRUGLQDWHV;$<$=$JLYHQ WKHFRUUHVSRQGLQJ LPDJHFRRUGLQDWHV[D\D]D/LX7KH LPDJHDQG
REMHFWVSDFHFRRUGLQDWHVRIWKHWDUJHWVDUHUHODWHGE\WKHFROOLQHDULW\FRQGLWLRQLQZKLFKWKHLPDJHYHFWRULVDOLJQHG
ZLWKWKHYHFWRUIURPWKHSHUVSHFWLYHFHQWHUWRWKHREMHFWSRLQW)LJ






)LJXUH7KHFHQWUDOSHUVSHFWLYHSURMHFWLRQ$WNLQVRQ

7KHFROOLQHDULW\FRQGLWLRQHTXDWLRQVDUHGHVFULEHGWKURXJK(TVDQG(TV7KHVHDUHDSSDUHQWO\WKHPRVWLPSRUWDQW
HTXDWLRQVLQSKRWRJUDPPHWU\
xa =െܿ
௥భభ൫೉೚ష೉ಲ൯శೝభమ൫ೊೀషೊಲ൯శೝభయ൫ೋೀషೋಲ൯
௥యభ൫೉ೀష೉ಲ൯శೝయమ൫ೊೀషೊಲ൯శೝయయ൫ೋೀషೋಲ൯
        
ya =െܿ
௥మభ൫೉ೀష೉ಲ൯శೝమమ൫ೊೀషೊಲ൯శೝమయ൫ೋೀషೋಲ൯
௥యభ൫೉ೀష೉ಲ൯శೝయమ൫ೊೀషೊಲ൯శೝయయ൫ೋೀషೋಲ൯
        
 
xa and ya WKHFRRUGLQDWHVRILPDJHSRLQW
c : FDOLEUDWHGIRFDOOHQJKW
rij :WKHHOHPHQWVRIWKHRUWKRJRQDOURWDWLRQPDWUL[FRPSULVLQJWKHWKUHHDQJOHV߱ǡ߶ǡ ߮ሻ
XA XA, ZA REMHFWSRLQWLQWKUHHGLPHQVLRQDOVSDFH  
O:   SHUVSHFWLYHFHQWHURQWRWKHSURMHFWLRQSODQH
Xo, Yo, Zo  WKHFRRUGLQDWHVRIWKHSHUVSHFWLYHFHQWUH
7KHFHQWUDOSUREOHPLQSKRWRJUDPPHWU\LVWRHVWLPDWHWKHREMHFWFRRUGLQDWHVRIPXOWLSOHWDUJHWSRLQWVE\VROYLQJ
WKHV\VWHPRIVLPXOWDQHRXVHTXDWLRQVWKDWUHVXOWVZKHQWKHUHDUHPXOWLSOHFDPHUDV2QO\WZRFDPHUDYLHZVDUH
QHFHVVDU\LQRUGHUWRVROYHWKHFROOLQHDULW\HTXDWLRQV

137 Hakan Karabörk et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  133 – 140 
3.1 Data acquisition 
7KHFDPHUDXVHGLQWKHSURMHFWLV1LNRQ'GLJLWDOFDPHUDWKDWZHKDYHFDOLEUDWHGLQRXUODERUDWRU\ZLWK(26
V\VWHP7KH FDOLEUDWLRQRI WKH1LNRQ'ZDVSHUIRUPHGXVLQJ3KRWRPRGHOOHU VHOIFDOLEUDWLRQPRGXOHXVLQJ
FDOLEUDWLRQWHVWILHOG7KHUHVXOWVRIFDOLEUDWLRQDUHVKRZQLQ7DEOH

   7DEOH&DPHUDFDOLEUDWLRQSDUDPHWHUVRI1LNRQ'
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7KHILUVWSKRWRJUDPPHWULFSURFHVVLVWKHDFTXLVLWLRQRIWKHLPDJHVZLWKGLJLWDOFDPHUD7KHVWHUHRSKRWRJUDSKVRI
KLVWRULFDOVWUXFWXUHZHUHWDNHQE\FDOLEUDWHGFDPHUDV7KHFDPHUDVWDWLRQSRVLWLRQVDQGVKRRWLQJDQJOHVRISKRWRVDUH
LPSRUWDQWIDFWRUVIRU WKHJHRPHWULFDFFXUDF\RI WKHSURMHFW )LJXUHVKRZVWKHSRVLWLRQVRIFDPHUD7KHFRQWURO
SRLQWV ZHUH VHOHFWHG DQGPHDVXUHG E\ 7RSFRQ*37 5HIOHFWRUOHVV 7RWDO 6WDWLRQ IRU HYHU\ ZRUN RI DUW 7KH
FRQWURO3RLQWLVDNQRZQORFDWLRQLQVSDFHZLWKHLWKHU;<RU;<=YDOXHVNQRZQ&RQWURO3RLQWVFDQEHXVHGLQ
SKRWRJUDPPHWU\ WR GHILQH D NQRZQ FRRUGLQDWH V\VWHP RU WR IRUP FRQVWUDLQWV RQ WKH VROXWLRQV 3KRWRWRPRGHOHU
+DQGERRN


)LJXUH&DPHUDSRVLWLRQV
3.2 Photogrammetric evaluation 
 
7KH SKRWRJUDSKV DFTXLUHG ZHUH LPSRUWHG LQWR SKRWRJUDPPHWULF PRGHOOLQJ VRIWZDUH 3KRWRPRGHOOHU VRIWZDUH
SDFNDJHLVZHOONQRZQDVEHLQJORZFRVW'PHDVXUHPHQWWRROIRUDUFKLWHFWXUDODQGDUFKHRORJLFDODSSOLFDWLRQV7KH
GLIIHUHQW SURMHFWV IRU HDFK ZRUN RI DUW ZHUH FUHDWHG 7ZHQW\ SKRWRV IRU .DUDWD\ 0HGUHVVHK HLJKW SKRWRV IRU
$ODDGGLQ0RVTXHDQGILIWHHQSKRWRVIRU7Dú0RVTXHZHUHXVHGIRUSKRWRJUDPPHWULFHYDOXDWLRQ7KHFRQWUROSRLQWV
ZHUHPDUNHG E\ D VXIILFLHQW QXPEHU IRU EXQGOH DGMXVWPHQW DQG FRYHULQJ DOO VLGH$IWHU WKLV SURFHVV DGMXVWPHQW
SURFHGXUHZDVDFFRPSOLVKHG0XTDUQDVDQGFURZQGRRURIKLVWRULFDOVWUXFWXUHVKDYHEHHQGUDZQ,WVGUDZLQJZDV
PDGHXVLQJVXUIDFHGUDZLQJPHWKRGV6XUIDFHGUDZLQJJLYHVXVWKHDELOLW\WRGUDZLQRQO\RQHSKRWRJUDSKDQGRQD
SODQHGHILQHGE\VXUIDFHWRSURGXFH'GDWD6XUIDFHGUDZLQJLVXVHIXOIRUGUDZLQJPRGHOLQJGHWDLOHGSDWWHUQVWKDW
OLHRQRQHSODQH6XUIDFHGUDZLQJUHTXLUHVQRUHIHUHQFLQJVRGHWDLOHGSDWWHUQVDQGFXUYHVDUHPXFKHDVLHUWRPDUN
6XUIDFHGUDZLQJUHTXLUHVVXUIDFHV7KHVHVXUIDFHVPXVWDSSHDURQDSKRWRJUDSKZLWKDVROYHGFDPHUDVWDWLRQDQGWKH
'FRRUGLQDWHVRIWKHVXUIDFHVSRLQWVPXVWEHNQRZQLHKDYHEHHQVROYHGDOUHDG\RUDUHFRQWUROSRLQWV.DUDVDND
&UHDWHG'DQG'PRGHOVGHWDLOVGUDZLQJRIPXTDUQDVHVDQGFURZQGRRUVDUHVHHQLQ)LJDQG)LJ
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
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)LJXUH'GUDZLQJRI$ODDGGLQ0RVTXH0XTDUQDV


)LJXUH'GUDZLQJRI7Dú0RVTXH0XTDUQDV
&RQFOXVLRQ

7KH VXUYH\ VWXGLHV DUH WKH ILUVW DQG PRVW LPSRUWDQW SKDVH RI WKH UHVWRUDWLRQ RI KLVWRULFDO DQG FXOWXUDO KHULWDJH
1RZDGD\VPRGHUQPHWKRGVKDYHUHSODFHGWKHWUDGLWLRQDOPHWKRGVLQVXUYH\VWXGLHV,WKDVPDGHPRUHDFFXUDWHDQG
SUDFWLFDO RI WKH VXUYH\ SURFHVV LQWHJUDWLQJ RI WKH SKRWRJUDPPHWULF HYDOXDWLRQ PHWKRGV WR DUFKLWHFWXUDO VXUYH\
DSSOLFDWLRQV DQG DGYDQFHV LQ PHDVXUHPHQW WHFKQRORJ\ 7KH PHDVXUHPHQWV KDYH EHHQ PRUH SUHFLVH DQG UHOLDEOH
XVLQJSKRWRJUDPPHWU\ LQGRFXPHQWDWLRQVWXGLHV ,Q WKHFRQWHQWRI WKLVVWXG\DUFKLWHFWXUDO VXUYH\VRIPXTDUQDVHV
ZHUHREWDLQHGZLWKGLJLWDOSKRWRJUDPPHWULFPHWKRG7KH0XTDUQHVHVZRUNRIDUWVZKLFKKDYHEHHQTXLWHFRPSOH[
LQJHRPHWU\KDYHEHHQGRFXPHQWHGPRUHDFFXUDWHO\DQGUHOLDEO\
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